Competition Between t h e Conditioned RewaRding effeCts o f CoCaine a n d novelty 141 al., 2004) . This approach behavior is expressed as an increase in the amount of time spent in the paired environment during the choice test.
Although the place-conditioning task is most often considered a measure of conditioned drug reward, it is also a way to study the impact of learning history on choice behavior (Bardo & Bevins, 2000) . In regards to drug abuse, the associations formed between exteroceptive cues and the rewarding effects of drugs influence choices people make about drug use. Preclinical models can compare the impact of conditioned associations on choice behavior with a variation of the traditional place conditioning procedure termed a "reference-conditioning" procedure. Rather than comparing reward to no reward (e.g., a drug to saline), as typically done, a reference-conditioning procedure compares a known rewarding stimulus (e.g., cocaine) to some other value of the same stimulus or to a different stimulus (e.g., another cocaine dose or different drug) (Barr et al., 1985; Bevins, 2005; Bevins & Cunningham, 2006) . This procedural variation allows comparisons to be made between the conditioned rewarding values of two different stimuli using a common preclinical screen for drug reward. In terms of drug abuse prevention and intervention strategies, qualitatively different types of reward (e.g., cocaine vs. novelty) can be compared using this reference-conditioning procedure (cf. Bevins, 2005; Mattson et al., 2001) .
As mentioned previously, the behavioral and neurobiological processes underlying the pleasurable aspects of novelty appear to overlap with those of other rewards (Bardo, Donohew, & Harrington, 1996; Bardo & Dwoskin, 2004; Bevins, 2001; Bevins & Bardo, 1999; Bevins et al., 2002; Cain, Saucier, & Bardo, 2005; Dellu et al., 1996; Rebec et al., 1996) . In a place conditioning preparation, conditioned responding is expressed similarly to cocaine and novel objects (Besheer & Bevins, 2003; Bevins, 2001; Bevins & Bardo, 1999; Douglas, Varlinskaya, & Spear, 2003; McBride et al., 1999; Mueller & Stewart, 2000) . Additionally, drugs that block place conditioning to cocaine (e.g., SCH-23390) also block novelty-conditioned and novelty-induced preferences (Bardo et al., 1993; Besheer et al., 1999; Bevins & Bardo, 1999; Cervo & Sarnanin, 1995) . Access to a novel object can also potentiate a place preference to a sub-threshold dose of cocaine (Bevins, 2001) . The preponderance of this research demonstrates that novelty simulates or summates with drug reward. Although this research has speculated that the conditioned rewarding effects of cocaine and novelty could compete, this prediction has not been directly tested in a choice situation until this present set of experiments.
General Method

Subjects
Subjects were 58 experimentally naïve male rats of SpragueDawley descent (Harlan Industries, Indianapolis, IN) weighing 250-275 g at the time of delivery. Rats were individually housed in plastic tubs in a colony room at 22-24°C maintained on a 12:12 light:dark cycle. Food and water were continuously available in the home cage. Experimental protocols were approved by the University of Nebraska-Lincoln Institutional Animal Care and Use Committee and followed the "Guide for the Care and Use of Laboratory Animals" (National Research Council, 1996) .
Apparatus
Place conditioning was assessed in two Plexiglas and aluminum chambers that have two distinct compartments separated by a smaller placement area. The two end compartments measured 42 × 16 × 20 cm (l × w × h); the center compartment measured 11.5 × 15.5 × 18.5 cm (l × w × h). Interchangeable floors were used to create the distinct environments. One floor had approximately 340 1.3 cm holes drilled into a 16-gauge aluminum sheet. The other floor had 1-cm rods made from stainless steel. Two rods were mounted side by side on an acrylic base with the following adjacent rod pair separated from the first pair by 1 cm. Each sequential pair of rods was separated by 1 cm. The novel objects used were a white sock (about 40 cm long), a white PVC pipe (8 cm long; 10.5 cm diameter), a plastic scouring pad (9 cm diameter) attached to a paint roller (7.5 cm long, 4 cm diameter), and a sheet of newspaper wadded into a ball (cf. Bevins et al., 2002) .
Drugs
(-)-Cocaine hydrochloride, a gift from NIDA or purchased from Sigma Chemicals (St. Louis, MO), was dissolved in saline (0.9% NaCl) and injected intraperitoneally at a volume of 1 ml/kg.
Statistical Analysis
Dependent measures. Time spent in each compartment was the primary dependent measure during habituation and all ensuing test sessions. All test sessions were videotaped for later observations. A rat was considered in a specific compartment when forelegs, head, and shoulders were positioned inside the compartment. Interobserver reliability on this behavior was conducted by an observer naïve to the experimental conditions (see Besheer, Jensen, & Bevins, 2002) . Data were converted to a preference ratio with the following formula: (time spent in cocaine-paired compartment)/(time spent in cocainepaired compartment + time spent in opposite compartment). A preference score of 0.5 indicates lack of a compartment preference; a value greater than 0.5 indicates a preference for the initial compartment paired with cocaine.
We also evaluated horizontal activity in each end compartment. Horizontal activity was defined as the number of times the rat's front paws crossed a center line that bisected the end compartment. Activity (number of line crosses/seconds spent in compartment) was compared for the cocaine-paired and opposite side on habituation and place conditioning test days.
Data analyses. During habituation, the time spent and activity scores in each of the two distinct compartments (i.e., comparison between rods and holes) were analyzed by a twoway (Group × Floor type) mixed analysis of variance (ANOVA) to demonstrate the unbiased construction of our apparatus. To ascertain the relative effectiveness of competing rewards on choice behavior (i.e., time in each compartment) we first conducted a separate two-way (Side × Test day) within subjects ANOVAs for each group across the three test days; a similar analysis was conducted on activity data. To determine shifts in compartment preference across groups we then compared preference ratios (see Dependent Measures) with a two-way (Group × Test) mixed ANOVAs. Additionally, a test for conditioned hyperactivity was conducted with activity data from the habituation session and the initial cocaine test day. Specifically, conditioned hyperactivity was analyzed using three-way [Side (paired and unpaired) × Test Day (habituation and cocaine test day) × Group] mixed ANOVAs. Follow up comparisons used Tukey HSD tests to control for Type I error rate. Statistical significance was declared using a two-tailed rejection region of 0.05 for all tests.
Experiment 1
Competition Between Cocaine and Novelty Conditioned
Reward Procedure
Habituation
On the habituation day, rats were placed in the center compartment and allowed free access to the two end compartments for 10 min. This test confirmed the unbiased construction of the apparatus and provided experience with the later testing procedure. Rats were assigned to conditioning groups in an unbiased fashion (cf. Bevins & Cunningham, 2006) .
Cocaine Place Conditioning
Compartment placement was counterbalanced according to rods/holes, spatial orientation, and whether drug pairing occurred on the first or second day of conditioning (Bevins & Cunningham, 2006) . On Day 1 of conditioning, half of the rats were restricted to the compartment with rod floors and the remaining rats were restricted to the compartment with hole floors for 30 min. Rats placed in their paired compartment were injected with cocaine (7.5 mg/kg) immediately before placement, whereas rats placed in their unpaired compartment were injected with saline. On Day 2 of conditioning, rats were restricted to the opposite compartment for 30 min. Rats previously injected with cocaine-received saline, whereas rats previously injected with saline received cocaine. Conditioning lasted 8 days with alternating daily placements in the two end compartments of the apparatus; these placements were separated by 24 hrs. On the test day, rats were injected with saline, placed in the center compartment, and allowed to roam the entire apparatus for 10 min.
Competing Conditioning
After the cocaine place conditioning phase, rats were assigned to the Cocaine, Novelty, or Control group (n = 12 per group) with the restriction that groups did not vary on initial place conditioning scores (see Figure 1 for a schematic representation). This phase began 48 hr after the test for cocaine place conditioning. In this phase, all rats were placed in each end compartment for 10 min; these placements were separated by 24 hr and alternated for 8 days. When rats were restricted to their previously paired compartment (i.e., cocaine compartment), they all received an injection of cocaine immediately before placement. When rats were restricted to their previously unpaired compartment (i.e., saline compartment), they also received an injection immediately before placement. However, the injection differed depending on the group. Specifically, rats in the Novelty group were injected with saline and had access to a different novel object (i.e., sock, PVC pipe, paint roller, or newspaper) for each placement. Rats in the Cocaine group received a cocaine injection (7.5 mg/kg) and rats in the Control group received a saline injection; these latter two groups did not have objects.
Drug-Free and Drug-Challenge Test Days
On the drug-free test day, rats were injected with saline, placed in the center compartment, and allowed to roam the entire apparatus for 10 min. This test was conducted 24 hrs after completion of the competing conditioning phase. On the drug-challenge test day (24 hrs after the drug-free test), rats were given an injection of cocaine before placement in the center compartment and allowed free access to the entire apparatus for 10 min. The drug-free test preceded the drug-challenge test for all rats because our primary interest in this study was choice behaviors in a drug-free state. Table 1 displays the means for the habituation session. On the habituation day, rats did not show a preference for the rod or hole flooring. More so, there were no differences between rats assigned to Control, Novelty, or the Cocaine groups. There was no main effect of Floor type, Group, or Group × Floor type interaction, Fs < 1. In addition, activity scores during the habituation session did not differ (Table 1 ). There was no main effect of Floor type, F(1, 33) = 1.7, p = .2, Group, F < 1, or Group × Floor type interaction, F(2, 33) = 1.3, p = .29.
Results
Habituation
Place Conditioning
Figure 2 demonstrates that a preference for the cocainepaired compartment was observed for all three groups on the initial test of place conditioning. For Control rats ( Figure  2A ), this preference was maintained on both of the ensuing test days. This observation was supported by a main effect of Side, F(1, 11) = 8.42, p = .014, but no main effect of Test day, or Side × Test day interaction, Fs < 1. In contrast, Novelty rats only expressed a preference for the cocaine-paired side on the initial day of place conditioning ( Figure 2B ). Specifically, Novelty rats had a significant Side × Test day interaction, F(2, 22) = 3.92, p = .035. The amount of time spent on the paired side was significantly higher than the unpaired side on the test of cocaine place conditioning, Tukey p < .05. Similar to the Novelty rats, the rats in the Cocaine group only preferred the cocaine-paired side on the initial day of cocaine place conditioning ( Figure 2C ). This preference was revealed by a significant Side × Test day interaction, F(2, 22) = 4.41, p = .023. Significantly more time was spent on the paired side than the unpaired side on the test of cocaine place conditioning, Tukey p < .05. . This figure shows a schematic representation of compartment placements throughout the sequential experimental phases for Experiments 1 and 2. Rats were conditioned in an unbiased apparatus and were assigned to conditioning groups in an unbiased fashion. Furthermore. compartment placements were counterbalanced according to rods/holes, spatial orientation, and whether drug pairing occurs on the first or second day of conditioning.
Activity
Preference Ratios
To compare shifts in compartment choice over test days between the groups, data were converted to preference ratios ( Figure 3 ). There was a significant main effect of Test day, F(2, 66) = 5.49, p = .006, but not of Group, F(2, 33) = 1.45, p = .25, or a Group × Test day interaction, F(4, 66) = 2.09, p = .09.
Conditioned Hyperactivity
To test for cocaine conditioned hyperactivity comparisons were made between activity on the habituation and the initial cocaine conditioning test day for Experiment 1 ( Figure 4A ). There was not a main effect of Group, F < 1, nor did Group interact with Test day or Side, Side × Group, Test day × Group, Side × Group × Test day interactions, Fs < 1. Thus, the groups did not differ in regards to conditioned hyperactivity before beginning the competing conditioning phase of the experiment. However, there was a main effect of Side, F(1, 33) = 47.61, p = .001, Test day, F(1, 33) = 6.27, p = .017, and a Side × Test day interaction, F(1, 33) = 11.33, p = .002. Follow up comparisons on the Side × Test day interaction found that on the cocaine place conditioning test, activity was increased on both sides (i.e., paired and unpaired) of the apparatus in comparison to the habituation day, Tukey p <.05. Moreover, this increase in activity was higher on the unpaired side of the apparatus than on the paired side.
Discussion
Rats in the Control group maintained a cocaine-conditioned preference throughout the three test sessions; this preference was not surprising given that cocaine pairings were continued during the second phase. It was surprising, however, that four 10-minute exposures with cocaine or novel objects in the previously unpaired compartment competed with an already established preference for the cocaine-paired side. This result was unexpected for two reasons. First, Novelty and Cocaine groups received twice as many conditioning trials on the cocainepaired side relative to the opposite compartment. Second, during the first phase, placements on the unpaired side exposed rats to the CS without the US (i.e., CS pre-exposure), which may delay the acquisition of a conditioned response (Albert & Ayres, 1989) . Both of these reasons predict that a preference for the original cocaine-paired compartment should be maintained during the second experimental phase. Despite these factors, we found that in a free-choice situation, providing an alternative reward (i.e., cocaine or novelty) in an environment without preceding drug associations can influence choice behaviors. This competition between conditioned rewards was expressed as comparable preference for the end compartments for rats in the Novelty and Cocaine group. Importantly, increased motor activity does not account for this data pattern (see General Discussion). However, it is important to note that when data were converted to preference ratios, group differences were not detected. The competition between the conditioned rewards were only evident when data were analyzed using a within-subjects analysis. This data pattern suggests that the conditioned rewarding effects of cocaine retain some control over choice behavior when cocaine exposure continues in the competing conditioning phase (cf. Experiment 2).
Experiment 2
Novelty Competition With Unpaired Exposure to Cocaine Conditioned Environment Procedure Habituation and Cocaine Place Conditioning
The procedures used in this phase were identical to those described for Experiment 1.
Competing Conditioning
After the cocaine place conditioning phase, rats were assigned to a Control or Novelty group (n = 11 per group) with the restriction that groups did not vary on initial place conditioning scores (see Figure 1 for a schematic representation). This phase began 48 hrs after the test for cocaine place conditioning. In this phase, all rats received an injection of saline before placement in each end compartment for 10 minutes; these placements were separated by 24 hrs and alternated for 8 days.
When rats were restricted to their previously paired compartment (i.e., cocaine compartment), they merely experienced the drug-paired cues in the absence of the drug effect. When rats in the Novelty group were restricted to the previously unpaired compartment (i.e., saline compartment) they now had access to a different novel object (e.g., sock, PVC pipe, paint roller, newspaper) for each placement; rats in the Control group did not have objects. 
Drug-Free and Drug-Challenge Test Days
The procedures used for testing were identical to those in Experiment 1.
Results
Habituation
On the habituation day, rats did not show a preference for the rod or hole flooring (see Table 1 ). Further, rats assigned to the Control or Novelty group did not differ in compartment choice. Specifically, there was no main effect of Floor type, F(1, 20) = 1.41, p = .25, Group, F < 1, or Group × Floor type interaction, F < 1. Activity scores during the habituation session did not differ (Table 1) , Floor type and Group main effects, and Group × Floor type interaction, Fs < 1. Figure 4 demonstrates that a preference for the cocaine-paired compartment was observed for both groups on the initial test of place conditioning. For Control rats ( Figure 5A ), this preference was maintained on the ensuing test days. This observation was supported by a main effect of Side, F(1, 20) = 10.05, p = .010. These rats also had a main effect of Test day, F(2,20) = 7.06, p = .005, but post-hoc comparisons did not reach significance. The Side × Test day interaction was not significant, F < 1. In contrast, Novelty rats had a significant Side × Test day interaction, F(1, 22) = 3.92, p = .035 ( Figure 5B ). Significantly more time was spent on the cocaine-paired side in comparison to the unpaired side on the initial day of place conditioning, Tukey p < .05. This group also had a main effect of Test day F(2, 20) = 10.07, p = .001, but post hoc comparisons did not reach significance. The main effect of Side was not significant, F < 1. 
Place Conditioning
Preference Ratios
To compare shifts in compartment choice between groups, data were converted to preference ratios. An omnibus analysis of preference ratios revealed a difference in compartment choice for rats in the Control and Novelty groups ( Figure 6 ). 
Conditioned Hyperactivity
To test for cocaine conditioned hyperactivity, comparisons were made between activity scores on the habituation and cocaine test days ( Figure 4B ). 001. Follow up comparisons on the Side × Test day interaction revealed that on the cocaine place-conditioning test, activity was increased on both sides (i.e., paired and unpaired) of the apparatus in comparison to the habituation day, Tukey p < .05. Moreover, this increase in activity was higher on the unpaired side of the apparatus than on the paired side, Tukey p < .05.
Discussion
A compartment preference for the conditioned rewarding effects of cocaine was impacted by both novelty and cocaine pairings when cocaine exposure continued during the competing conditioning phase. However, from a drug-abuse perspective many addicts cease using drugs for a period of time when initially receiving treatment. Therefore, in Experiment 2 we discontinued cocaine treatment during the second experimental phase to emulate a drug-abstinence period (see Figure 1) . Together, these results clearly demonstrate that the conditioned rewarding effects of novelty compete with those of cocaine when cocaine is withheld and cocaine-paired cues undergo procedural extinction. That is, for rats in the Control group, a preference for the cocaine-paired compartment remained; but conditioning with novelty competed with this preference such that the rats in the Novelty group split their time equally between environments. Importantly, when data were converted to preference ratios, the groups differed statistically after the competing conditioning phase. Thus, the combination of procedural extinction and novelty conditioning shifted compartment preferences when using a within-subjects analysis and reduced choice for the conditioned rewarding effects of the cocaine-paired environment in comparison to controls. 
General Discussion
Past research suggests that the behavioral and neurobiological processes underlying the pleasurable aspects of novelty appear to overlap with those of other rewards (Bardo, Donohew, & Harrington, 1996; Bardo & Dwoskin, 2004; Bevins, 2001; Bevins & Bardo, 1999; Bevins et al., 2002; Cain, Saucier, & Bardo, 2005; Dellu et al., 1996; Rebec et al., 1996) . Such overlap leads to the prediction that novelty reward should compete with the rewarding aspects of stimulant drugs. Surprisingly, this prediction had not been tested in a choice situation until the present set of experiments. The present study demonstrated that approach behaviors elicited by the conditioned rewarding effects of novelty directly competed with conditioned approach behaviors controlled by cocaine-paired stimuli (Experiment 1). Moreover, this competition still existed when cocaine-paired cues underwent procedural extinction (Experiment 2) and when cocaine was in the central nervous system (i.e., drugchallenge tests, Experiments 1 and 2). Procedural extinction to the cocaine-paired cues (i.e., cueexposure) was a seemingly important factor for novelty-conditioned reward to compete with that of cocaine. That is, the competition between conditioned rewards was more complete when the cocaine-paired cues were presented in the absence of the drug (Experiment 2) than when cocaine exposure was continued in the competing conditioning phase (Experiment 1). In the former case, competition was evident when data were compared both within and between subjects. In the latter, competition was only evident when data were compared within subjects. Notably, a significant interaction between Group and Side is not found, p = .067, if the analysis is made more comparable between the two experiments (i.e., include only the Control and Novelty group in the two-way ANOVA). Thus, a cue-exposure procedure (i.e., procedural extinction) produces more complete competition between the conditioned rewarding effects of cocaine and those of novelty.
We chose to test the competition between rewards in a sequential fashion (i.e., establish the cocaine preference first) primarily because intervention strategies treat patients who already have drug conditioning histories. However, the temporal Mean time (seconds) spent in each compartment for rats in the Control and Novelty groups for the three tests of place conditioning in Experiment 2. Graph 5A shows the time spent in the cocaine-paired and unpaired compartments for rats in the Control group on the three test days. Graph 5B shows the time spent in the cocainepaired and unpaired compartments for rats in the Novelty group on the three test days. # Significant main effect of Side ( p < .O5). * Significantly different from the unpaired compartment ( p < .05).
profiles of cocaine and novelty conditioned reward imposes challenges to any design interested in competition among them. Of particular note, conditioning sessions with cocaine typically last 20 or 30 minutes (Brabant, Quertemont, & Tirelli, 2005; Itzhak & Martin, 2002; Kosten & Miserendino, 1998; Mueller & Stewart 2000; Zavala, Weber, Rice, Alleweireldt, & Neisewander, 2003) . In contrast, novelty conditioning sessions are typically 10 or 15 minutes given the transient nature of a novel stimulus (Besheer, Jensen, & Bevins, 2002; Bevins & Bardo, 1999; Bevins et al., 2002; Douglas, Varlinskaya, & Spear, 2003) . As such, we used 30-min cocaine conditioning sessions in the first phase and 10-min novelty conditioning sessions in the second experimental phase. This procedure allowed us to assess changes in an already established reference to cocaine. Because we are exploring techniques to enhance intervention strategies that typically occur after a drug conditioning history has already been established, this point is of particular importance.
Some research suggests that conditioned locomotor activity resulting from repeated exposure to stimulant drugs within a specific context may confound tests of place conditioning (Swerdlow & Koob, 1984; Veniza & Stewart, 1987) . Other studies demonstrate a dissociation between cocaine conditioned activity and place conditioning (Brabant, Quertemont, & Tirelli, 2005; Kosten & Miserendino, 1998; Martin-Iverson & Reimer, 1996; Parker, 1992) . Given the mixed findings, we evaluated activity (line crosses) in each compartment on the habituation and all test days. Consistent with other laboratories, rats were more active in their unpaired compartments in comparison to the paired compartments on the test of cocaine place conditioning (e.g., Martin-Iverson & Reimer, 1996; Parker, 1992; Vezina & Stewart, 1987) . Accordingly, our cocaine place conditioning effect does not lend itself to a conditioned locomotor activity account for the induction of a place preference. Further support for dissociation between place conditioning and conditioned hyperactivity was provided with a direct test of conditioned hyperactivity. That is, comparisons were made between activity on the habituation and cocaine test days. Activity was increased on the test day; however, the effect was more profound on the un- paired side of the apparatus. A conditioned hyperactivity account would predict that more activity would have been evidenced on the cocaine-paired side. Additional concerns have been expressed about the influence of motor activity on the expression of a compartment preference on place conditioning test days. Specifically, Gremel and Cunningham (2007) state that "disturbances or deficits in sensory-motor processes during the expression test might directly interfere with a subject's ability to approach and maintain contact with the stimulus." In Experiment 1 and 2 of the present report, a robust place conditioning response was observed for all groups on the initial test of cocaine place conditioning so it is unlikely that elevated activity impacted an approach response to the cocaine-paired environment. On the other hand, one could suggest that similar amounts of time spent in each compartment on the drug-free and drugchallenge test days could result from nonspecific motor alterations rather than a competition between the conditioned rewarding effects of cocaine and novelty. Because activity scores tended to be similar between groups the suggestion that decreased preference scores resulted from motor alterations is unlikely.
Researchers have suggested that exposure to novel stimuli may have clinical utility by acting as an effective substitute for drug reward (Bevins, 2001; Cain, Saucier, & Bardo, 2005; D'Silva, Harrington, Palmgreen, Donohew, & Lorch, 2001; Dellu et al., 1996) . Specifically, novelty's ability to compete with cocaine may be a behavioral substitution strategy because environment-drug associations formed while abusing the substance continually impact choice behaviors during and after treatment programs. Providing alternative learning histories (i.e., new nondrug associations) during the intervention program may change choice behavior after an environmentdrug association is formed, thus easing the transition of some addicts from drug use to a drug-free lifestyle.
In conclusion, these studies provide empirical support for the idea that drug treatment programs may use novelty to enhance intervention programs by providing new learning histories that are incompatible with drug use. Albeit speculative, intervention strategies that incorporate novelty reward may have a greater impact on people classified as novelty and/ or sensation seekers (D'Silva et al., 2001 ). Personality constructs such as novelty seeking and sensation seeking rely on the premise that people seek out new and exciting situations because the outcomes are rewarding (Cloninger, 1987; Zuckerman & Kuhlman, 2000) . Zuckerman (1994) suggested that "an opportunity for sensation seeking often puts the person in an approach avoidance conflict where the rewards are positive sensations and experiences" (p. 124). The competition, described in this report, between conditioned rewards uses this appetitive approach behavior to demonstrate that conditioned rewards can compete to change choice behavior motivated by drug reward.
